A 13-year-old Thai female with hemoglobin E-/3-thalassemia was evaluated for anemia and splenomegaly. Globin chain synthesis in a whole cell system revealed an absence of PA chains and excessive a chains. The a/PE + y ratio was 1.26 in bone marrow and 1.90 in peripheral blood. The average y/PE ratio in bone marrow and peripheral blood was 0.36 compared to peripheral blood concentrations of 49% hemoglobin E and 51% hemoglobin F. Homologous red cell 51Cr half-life increased from 22.7 days to 32.8 days after splenectomy. Total circulating hemoglobin increased from 112.9 to 149.7 g. Endogenous carbon monoxide productive (Vco) as a measure of total heme catabolism decreased from 2.00 to 1.54 pmol/hr/kg, Ineffective erythropoiesis was manifested by an increased Vco/Vheme., ratio of 7.52.
Hemoglobin E is an abnormal hemoglobin particularly prevalent in Southeastern Asia and is best documented in Thailand where several comprehensive studies have shown its clinical importance (15, 27 ). An individual with either heterozygous or homozygous hemoglobin E usually experiences little more than a mild anemia (5, 7) . However, in association with thalassemia, hemoglobin E may result in significant anemia and splenomegaly (1, 19, 30) . In Thailand alone it is estimated that 50,000 individuals have hemoglobin E-P-thalassemia (7, 15, 30) .
The anemia in hemoglobin E-P-thalassemia is related to 1) ineffective erythropoiesis with unbalanced globin chain synthesis characteristic of thalassemia (32) and spontaneous hemoglobin E oxidation (13) , and 2) subsequent sequestration of many of the damaged red cells that escaped from the marrow. This clinical hypersplenism has been documented in Thailand and splenectomies have been performed for this condition over the past 20 years with varying results (30) . Our patient afforded the opportunity to investigate for the first time the anemia of hemoglobin E-Pthalassemia using endogenous carbon monoxide production (Vco) in correlation with autologous and homologous "Cr-labeled red cell survival studies.
MATERIALS AND METHODS
Routine hematologic studies were performed by standard methods (6) . The distribution of hemoglobin F in red cells was determined by the acid elution method of Betke and Kleihauer (3). The alkali-resistant hemoglobin was measured according to the method of Betke et al. (4) . Carboxymethyl cellulose chromatography (34) was performed on hemolysates of washed red cells obtained form the proposita before splenectomy (17) . Horizontal starch gel electrophoresis (35) in Tris-EDTA-boric acid buffer, pH 9.0, was performed according to a described procedure (12) . Globin chain synthesis was determined in a whole-cell system (35) utilizing peripheral blood and bone marrow (24) .
Determination of red cell survival was performed by labeling autologous and homologous red cells with 51Cr according to the ICSH Panel on Diagnostic Application of Radioisotopes in Hematology (18) . Informed consent was obtained from the parents for all procedures. The mean red cell lifespan was calculated for the autologous "Cr-labeled red cells assuming an elution rate of 1.29%/day as calculated for PA chains by Cline and Berlin (9).
The hemoglobin catabolism was calculated as equal to the total circulating hemoglobin divided by the mean, autologous red cell survival. Total circulating hemoglobin was obtained from the product of peripheral hemoglobin and 51Cr blood volume. The whole body to peripheral venous hematocrit was assumed to be 1.00 in the presplenectomy calculation to compensate for the hypersplenic state (22) .
The catabolism of circulating red cell hemoglobin heme (VhemeJ was calculated in micromoles per hr per kg using the formula of White et al. (33) .
Endogenous carbon monoxide production (vco) as a measure of total heme catabolism was determined using a rebreathing system (1 1). The Vco in micromoles per hr per kg was calculated according to the following equation (I 1, 21). Where ACOHb% is the average hourly increase in the percentage of saturation of hemoglobin with CO; COD/ACOH~%D is the dilution of added CO in the body and is determined by adding 20.2 ml (STPD) of 99.5% CO to the circuit (COD) and measuring the resultant increase jn the blood COHb percent (ACOH~%D).
The ratio of Vco/Vh,,-, was calculated as a measure of the ineffective erythropoiesis (33) .
RESULTS

CLINICAL STUDIES
The proposita, a 13-year-old Thai female, presented with complaints of pallor, ictems, and easy fatigability since 2 years of age.
HEMOGLOBIN E-/3-THALASSEMIA 1021 A large spleen had been found by referring physicians. She had no history of malaria, hepatitis, or prior transfusions. The family pedigree is shown in Figure 1 . The genetic father, also of Thai extraction, was common to all siblings but unavailable for study.
Physical examination revealed pallor, mild conjunctival icterus, and a grade II/IV apical systolic murmur. The liver was palpable 2 cm and the spleen 3 cm below the costal margin. The patient exhibited early pubertal changes. Roentgenographic studies of the skull, spine, and ribs revealed widening of the medullary space and cortical thinning. (11-1) with hemoglobin E-/3-thalassemia The genetic father was unavailable for study.
Peripheral blood studies revealed hematocrit 21%, hemoglobin 7.0 g/100 ml, 13 nucleated RBCs/100 WBCs, and an uncorrected reticulocyte count of 5.3% (Table 1) . On peripheral smear the red cells exhibited marked anisocytosis and poikilocytosis with many target cells, spherocytes, and fragmented forms. A bone marrow aspirate showed hypercellularity with erythroid hyperplasia (M/E = 0.5). Iron stains were normal with a serum iron of 123 pg/100 ml and TIBC of 248 pg/100 ml. Glucose-6-phosphate dehydrogenase activity was normal. The Coombs direct antiglobulin test was negative. Osmotic fragility had a tail with a double population of both osmotically sensitive and resistant cells.
Twenty-four hours before surgery the patient received 300 ml packed red cells. At surgery a 17.5 x 8.5 x 3.0 cm spleen weighing 350 g was removed. Microscopic examination revealed iittoral cell hyperplasia. There was no evidence of gallstone formation or gross hepatic disease at surgery. After an uneventful postoperative course the patient's activity tolerance increased in concert with rising hemoglobin values. A Heinz body preparation, negative before splenectomy, because positive after splenectomy.
The mother (1-1) was of pure Thai extraction and had enjoyed good health. Besides mild anemia, peripheral blood smears showed moderate targeting. The siblings (11-2 and 11-3) of the proposita had no history of anemia, pallor, or icterus. Both their peripheral blood smears showed slight microcytosis and mild targeting.
HEMOGLOBIN STUDIES
Hemoglobin electrophoresis on cellulose acetate at pH 8.6 revealed only two bands in the position of hemoglobins E and F; no band was present in the area of hemoglobin A. The E component was confirmed by starch gel electrophoresis and carboxymethyl- Cellulose acetate electrophoresis on blood from the mother showed major hemoglobin bands in the positions of hemoglobins E and F, suggesting the diagnosis of homozygous hemoglobin E. Electrophoresis in the younger siblings showed major bands in the A and E position with mild elevation of hemoglobin F. These findings were consistent with hemoglobin E trait in both siblings.
51CR RED CELL STUDIES
The tl12 for both autologous and homologous 51Cr-labeled red cells are presented in Table 2 . Technical problems prevented interpretation of autologous 51Cr tl2 after splenectomy and the patient could not be restudied. The spleen/liver ratio was consistently above 2.0 for both autologous and homologous red cells. Mean red cell survival time as calculated from the autologous 51Cr t12 is presented in Table 3 . Total circulating hemoglobin showed an increase after splenectomy. Table 3) . DISCUSSION In a review from Thailand, 143 splenectomies were performed in 408 patients with hemoglobin E-P-thalassemia; significant postoperative hematocrit elevation appeared limited to those patients with clinical hypersplenism (30). Wasi and Na-Nakorn (3 1) estimate that clinical hypersplenism occurs in about 10% of all cases with hemoglobin E-P-thalassemia in Thailand. Detailed decriptions, however, of hypersplenism with hemoglobin E-P thalassemia are limited to two reports (1, 19) .
The proposita survived into adolescence without a blood transfusion, which illustrates the adaptability of individuals with hemoglobin E-P-thalassemia to a severe, chronic anemia. The pat- (29) . A heterogeneous distribution of hemoglobin F on acid elution staining excluded HPFH in our patient. The single report of a Thai family with hemoglobin EPs-thalassemia (F-thalassemia) is of relevance (2 l). Strict exclusion of this diagnosis in our patient was impossible due to the nonavailability of the genetic father's hemoglobin A2 and F levels. The great rarity of P"tha1assemia in Thailand made any diagnosis other than hemoglobin E-Po-thalassemia highly improbable. Unbalanced a chain synthesis in P-thalassemia has been shown to result in a chain denaturation and inclusion body formation (8, 14) . Nathan and Gunn (23) have demonstrated alterations in membrane permeability as a consequence of unbalanced a chain synthesis in thalassemia. Whole cell lysates from Thai patients with hemoglobin E-P-thalassemia have been shown to have an absence of PA chains with a marked increase in a/PE ratio (32) .
An a/pE synthesis ratio of 1.33 has been reported by Feldman and Reider (13) in hemoglobin E-Po-thalassemia using washed, whole cell hemolysates. The whole cell synthesis studies in the proposita yielded bone marrow and peripheral blood a/PE ratios of 1.65 and 2.60, respectively. The increased a/y ratios observed in the proposita, 4.65 in bone marrow and 7.04 in peripheral blood, were consistent with the peripheral intact, red cell a/y ratio of 5.55 observed by Feldman and Reider (13) in hemoglobin E-P-thalassemia. Excessive a chain synthesis is again underlined by the combination a/PE + y ratio, which consistently exceeded 1 in the bone marrow and peripheral blood of the proposita.
Structural analysis by Perutz and Lehmann (26) has predicted an instability of hemoglobin E. Recently, oxidative instability in hemoglobin E has been confirmed by Frischer and Bowman (16) . These authors have postulated an interference by the mutation with dirneric contact between a and ,8 chains (a1 PI). In vitro synthesis of a globin chain in excess of corresponding peripheral hemoglobin values has been observed in several unstable hemoglobins (13) . Although the peripheral blood concentrations of hemoglobin E and F are equal in the proposita, the synthesis of PE in both bone marrow and peripheral blood is almost 3 times that of y chain synthesis. These results are consistent with the observations of Feldman and Reider (13) in hemoglobin E-Pthalassemia and imply a preferential destruction of hemoglobin -C.
The shortened homologous "Cr labeled red cell half-life of 22.7 days and subsequent increase to a normal 32.8 days was consistent with splenic sequestration. Spleen to liver ratios in excess of 2.0 were also confirmatory. Erythrocytic phagocytosis has been observed by Bhamaprapravati el al. (5) in the splenic sinusoidal lining macrophages in an autopsy series of 20 patients with hemoglobin E-P-thalassemia. Increased trapping of erythrocytes in the splenic cords was observed in 8 out 13 cases by the same authors.
The mean autologous 'lCr-labeled red cell half-life calculated by Vigi et al. (28) with P-thalassemia major was 11.5 days. A negative correlation between the excess a chain synthesis and the red cell survival was demonstrated. Interpretation of the 14.6-day erythrocyte 51Cr half-life in the proposita with hemoglobin E-Pthalassemia was complicated by a lack of elution data on hemoglobin E. Pearson (25) (33) reported a decrease in Vco/Vh,,,., from 4.1 to 3.1 postsplenectomy; VCO fell from 94.2 to 64.7 pmol/hr. Similayly, in the proposita with hemoglobin E-P-thalassemia, a drop in VCO from 2.00 to 1.54 pmol/hr/kg was observed after splenectomy.
CONCLUSION
The recent influx of children from Southeast Asia has increased the likelihood of physicians in the Western hemisphere encountering patients with hemoglobin E-P-thalassemia. To measure the significance of splenic sequestration in a Thai child with hemoglobin E-P-thalassemia 5'Cr-labeled homologous red cell survivals were performed. The presplenectomy half-life was 22.7 days; the postsplenectomy value was 32.8 days. Studies of globin chain synthesis on peripehral blood and bone marrow documented increased a chain synthesis relative to combined PE and y. Carbon monoxide production, Vco, was 2.00 mol/hr/kg, a value 5 times in excess of normal values. Markedly elevated Vco/Vh,,,., ratios were present and indicative of ineffective erythropoiesis. Hemoglobin E-P-thalassemia represents a multifactorial hemolytic anemia with hemoglobin E instability and excessive a chain production contributing to ineffective erythropoiesis. In some patients a component of splenic sequestration may contribute to the anemia and respond to splenectomy.
